a Objective: To describe changes in cancer incidence in people with HIV in Australia since the introduction of highly active antiretroviral therapy (HAART).
Introduction
A broad range of cancers occurs at increased rates in people with HIV infection, most being cancers for which there is a known or suspected infectious cause [1] . Since the advent of HAART, a dramatic decline in the risk of AIDS-defining cancers, Kaposi sarcoma and nonHodgkin lymphoma (NHL), has been consistently observed in cohort data [2] [3] [4] [5] [6] . Whether the risk of other cancers has also declined is less clear as there are fewer data on trends in cancer incidence in more recent years [2, 4, 5] . In Australia, previous reports of cancer risk in people with HIV have included follow-up only until 1999 [7] .
There was rapid uptake of HAART in Australia in the late 1990s, since which time 70-80% of HIV-positive respondents in community-based surveys have reported HAART use [8] . Since 2000, the median CD4 þ T-cell count of HAART-treated patients enrolled in the Australian HIV Observational Database has been around 500 cells/ml [9] . Rates of HIV-associated disease in Australia are therefore likely to reflect those of a highly treated population. This article investigates changes in site-specific cancer incidence since the introduction of HAART, in a nationwide, population-based cohort of adults with HIV in Australia.
Methods

Study cohort
The study cohort included all adults (aged 16-80 years) with HIV in Australia in 1982-2004 (n ¼ 20 232), as notified to the Australian National HIV/AIDS Registries. AIDS has been a notifiable condition in all states and territories of Australia since 1984, and testing for HIV antibody became widely available in early 1985.
Cancer data collection Incident cancers were ascertained using probabilistic data linkage with the Australian National Cancer Statistics Clearing House (NCSCH), which contains data on all incident invasive cancers diagnosed in Australian residents since 1 January 1982, excepting nonmelanoma skin cancer [10] . Diagnoses of in-situ cancers are not recorded. Data linkage was based on a customized, researcher-defined algorithm, and specific clerical review rules, following the approach used in previous linkages [7, 11] . Briefly, records were linked on name code (first two letters of the first and last name), sex, date of birth, and date of death (if deceased). A match was accepted if there was exact concordance in these fields. Inexact matches (n ¼ 463 of 2844 total matches, 16%) were only accepted if supported by consistency between records in the state/territory and postcode of residence.
For each matched record, the date of diagnosis and ICDO-3 and ICD10 codes were obtained. General population cancer rates were also obtained. Approval for the study was granted by all Australian jurisdictional health departments and relevant institutional review boards.
Statistical analysis
AIDS-defining cancers
Consistent with previous Australian studies [12] , analysis of AIDS-defining cancers was restricted to people with a known date of HIV diagnosis during the analysis period (n ¼ 17 175, 85%). People notified only with AIDS were not included. Follow-up was prospectively defined and commenced at the date of HIV diagnosis until the date of cancer diagnosis, 80 years of age, death, or 31 December 2004.
Other cancers For all other cancers, person-years were accumulated until the date of cancer diagnosis, 80 years of age, death, or 31 December 2004. Follow-up commenced either from the date of HIV diagnosis (n ¼ 14 013, 69%) or 5 years prior to AIDS if the date of HIV diagnosis was unknown (n ¼ 1218, 6%) or preceded AIDS diagnosis by less than 5 years (n ¼ 5001, 25%). Previous analyses in this cohort have shown that calculated rates of cancer in the 5-year period prior to AIDS are similar to those in people with HIV infection before AIDS diagnosis [13] . For all persons for whom follow-up was retrospectively defined, person-years were survival-adjusted to account for the effect on cancer incidence of the proportion of people who may have developed cancer and died prior to AIDS. Specifically, person-years were adjusted by applying the appropriate all-age, sex-specific cancer survival rates covering each yearly interval up to 5 years prior to AIDS. Australian National (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) [14] or South Australian [15] population-based survival rates were used, these being the most comprehensive available at the time of analysis.
Cancer incidence
Incidence (per 100 000 person-years) was calculated for each type of cancer. Cancers were classified using ICD10, with the exception of Kaposi sarcoma and lymphoid and hematopoietic neoplasms, which were classified using ICDO-3 morphology codes. Kaposi sarcoma was defined by the code 9140; cases with the code 8000 (unknown morphology, n ¼ 3) were accepted provided Kaposi sarcoma was indicated on the National AIDS Registry. Lymphoid and hematopoietic neoplasms were classified according to current guidelines [16] . Multiple myeloma (ICDO-3 9731-9734) was examined separately. For cancers, or groups of cancers (oral cavity and oropharynx, colorectal) with at least 10 cases after HAART, standardized incidence ratios (SIRs) with 95% exact confidence intervals (CIs) were computed comparing the number of observed cases in each period with that expected based on the application of 5-year age-specific, sex-specific, state/territory-specific, and calendar-yearspecific general population cancer incidence rates, assuming a Poisson distribution [17] . The exception was for Kaposi sarcoma, for which 1982 population rates were applied because of the impact of AIDS-related Kaposi sarcoma in later years.
Comparison of SIRs across calendar periods may be confounded by differences in the underlying age-sex structure of the cohort over time. Therefore, for each cancer, incidence rate ratios (IRRs) with 95% CIs were calculated comparing incidence during the early-HAART and late-HAART periods relative to that pre-HAART, after adjustment for current age (time dependent, single years) and sex. Age was modelled as a continuous variable for all cancers with the exception of Hodgkin lymphoma, for which it was also modelled categorically (<35, 35-59, 60þ years), based on the bimodal distribution of age-specific rates in the Australian general population .
For descriptive purposes, cancers were tabulated as infection-related or noninfection-related, as defined by the International Agency for Research on Cancer [18] .
All analyses were performed using Stata version 10 (StataCorp LP, College Station, Texas, USA).
Results
AIDS-defining cancers
The study cohort for the analysis of AIDS-defining cancers included 17 175 people with a known date of HIV diagnosis during the analysis period (see Table 1 ). In total, there were 135 179 person-years (mean 7.9) of follow-up, including 48 271 person-years (mean 4.7) of follow-up pre-HAART, and 33 031 person-years (mean 3.2) and 53 877 person-years (mean 4.1) during the early-HAART and late-HAART periods, respectively. Tables 2 and  3 , respectively. SIRs for Kaposi sarcoma (n ¼ 929) were substantially raised, though declined markedly across HAART periods. In multivariate analysis controlling for current age and sex, a significant decline in incidence was observed across periods (P trend < 0.001), and incidence was significantly lower in the late-HAART compared with early-HAART period (P diff < 0.001). SIRs for NHL (n ¼ 661) also declined greatly. In multivariate analysis, a significant decline in incidence was observed across periods (P trend < 0.001) and from the early-HAART to late-HAART periods (P diff < 0.001). Of NHL subtypes, a significant decline in incidence was observed for diffuse large B-cell lymphoma (DLBL, n ¼ 325; P trend < 0.001) but not for Burkitt lymphoma (n ¼ 32; P trend ¼ 0.776) or primary central nervous system (CNS) lymphoma (n ¼ 38; P trend ¼ 0.553).
SIRs and multivariate IRRs are presented in
There were insufficient cases of invasive cervical cancer (n ¼ 1 case among 9806 person-years of follow-up among females with HIV) to allow analysis.
Other cancers
The study cohort for the analysis of all other cancers included 20 232 people (Table 1 ). There were 80 155 person-years (mean 5.8) during the pre-HAART period and 37 700 person-years (mean 3.3) and 58 462 personyears (mean 4.2) during the early-HAART and late-HAART periods, respectively.
Infection-related cancers
There were 45 cases of Hodgkin lymphoma, of which mixed cellularity was the most commonly specified Cancer and HIV in Australia post-HAART van Leeuwen et al. 2185 Table 1 . Characteristics of cohorts for analysis of AIDS-defining and other cancers.
Cohort for analysis of AIDS-defining cancers
Cohort for analysis of other cancers Can include injection-drug use. Other cancers increased in incidence in immunodeficient populations Lip CNS lymphoma, NHL with C70-C72 topography; Hodgkin lymphoma 9650-9667; anus C21; oral cavity, oropharynx C01-C10, excl. C07-C08; liver C22; lip C00; melanoma C43; leukaemia 9800-9989, excl. 9820-9837, 9940, 9948; trachea, bronchus and lung C33-34; colorectal C18 -C20; prostate C61. There were 11 cases of liver cancer, all of which occurred in the post-HAART period. SIRs were significantly raised during both the early-HAART and late-HAART periods. Multivariate analyses were not performed as there were no cases during the period prior to HAART.
Noninfection-related cancers
There were 53 cases of cutaneous melanoma. Most (n ¼ 21 of 28 cases for which morphology was specified) were superficial spreading melanoma, and over half of all cases affected the trunk. SIRs were not significantly raised during the pre-HAART and early-HAART periods, and in the late-HAART period, the SIR was significantly decreased. A significant decline in incidence was observed across periods in multivariate analysis (P trend ¼ 0.041).
SIRs for prostate (n ¼ 24) and colorectal (n ¼ 17; 10 colon, seven rectum) cancers were either not raised or were significantly decreased. For prostate cancer, a significant decline in incidence was observed across periods in multivariate analysis (P trend ¼ 0.026).
No significant trends in incidence were noted for cancers of the oral cavity and oropharynx, lip, lung, or leukaemia.
Discussion
Nonuniform trends in the incidence of specific cancer types were observed in people with HIV in Australia since the introduction of HAART. Among those cancers occurring at greatly increased rates in the pre-HAART period, three distinct patterns emerged. First, for Kaposi sarcoma and NHL, incidence declined dramatically and continued to decline in the late-HAART period, though it remained substantially elevated. Second, for Hodgkin lymphoma, incidence increased during the early-HAART period but later declined. Third, for anal cancer, there was no change in incidence over time. For two cancers not increased in the pre-HAART period, melanoma and prostate cancer, incidence declined significantly and by the late-HAART period, was lower than in the general population. For colorectal cancer, incidence was consistently lower than in the general population. There was no significant trend for all other cancer types examined.
A dramatic and continuing reduction in incidence of Kaposi sarcoma and NHL since the introduction of HAART has been well described [2] [3] [4] 6] , though a recent plateau in incidence of Kaposi sarcoma was reported in one study [19] . Incidence of both cancers is rapidly reduced following HAART initiation [19, 20] and is strongly inversely correlated with CD4 þ T-cell count [3, 6, 21] . Both are associated with gamma herpesvirus infection: Kaposi sarcoma with human herpesvirus type 8 in all cases and NHL with Epstein-Barr virus (EBV) in more than 50% of HIV-associated cases [22] . Clearly, for both these cancers, current functional immunity is central to pathogenesis. The continuing decline in their incidence raises the question of whether it may be reduced to normal with earlier or more effective HAART.
Among NHL subtypes, a significant decline in incidence was observed for DLBL but not for Burkitt lymphoma. The unchanging incidence of Burkitt lymphoma, noted by others [6, 23] , likely reflects its less-frequent association with EBV infection and absence of a relationship with the level of immunodeficiency [24] . That incidence of CNS lymphoma did not decline was unexpected. This may be an artefact of underascertainment of histopathologically verified AIDS-associated CNS lymphoma in Australia in the pre-HAART period, in which the majority of cases in earlier years were diagnosed on radiological and clinical grounds alone [25] and may not have been registered as cancer.
A number of studies have suggested that incidence of Hodgkin lymphoma has remained stable [3, 26] or increased in the post-HAART era [4] or with HAART use [5] . An association between Hodgkin lymphoma incidence and moderate levels of immunodeficiency has been suggested by some [26] but not all [27] studies. Our finding of a peak in incidence in the early-HAART period would be consistent with a cohort which passed through a phase of moderate immunodeficiency post-HAART. It is acknowledged that the interpretation of Hodgkin lymphoma incidence trends is complicated by its bimodal age distribution and that the increase in incidence observed post-HAART may reflect cohort ageing [27] . However, appropriate age adjustment, using categories of age reflecting the two age peaks of Hodgkin lymphoma, did not substantially alter our results.
Anal cancer incidence has remained stable in people with HIV in Australia, and, by the late-HAART period, it was the third most common type of cancer in this cohort. In other studies, stable [3, 23] or increasing incidence [2, 4] has been described. No studies have reported declining incidence. Anal cancer is causally associated with anal infection by high-risk subtypes of human papillomavirus (HPV) [28] . Immunodeficiency is associated with a higher prevalence of anal HPV infection and with precursor anal squamous lesions. However, whether the restoration of cellular immunity post-HAART affects risk of invasive anal cancer is unclear [29] . A significant decline in melanoma incidence was observed. Melanoma risk is strongly related to immunodeficiency in immunosuppressed transplant recipients [30] . Eruption of dysplastic melanocytic nevi has been documented soon after both HIV infection and solid organ transplantation, and fading of nevi on reduction of immunosuppression has been reported [31] . Curiously, incidence of melanoma was significantly lower than in the general population during the late-HAART period. Although the risk of melanoma is slightly raised overall in people with HIV [1] , most studies reporting data in the post-HAART period have not observed excess risk [5, 23] .
Prostate cancer incidence was the same, or lower, than for the general population and declined significantly after HAART. For reasons unclear, reduced prostate cancer risk has been repeatedly documented in HIV-infected men [3, 23] . Lower rates of prostate cancer screening and complications of HIV infection including lower androgen levels [32] and diabetes mellitus [33] , each believed to be associated with reduced prostate cancer risk, may be possible explanations. In addition, there has been a single report of an inhibitory effect of protease inhibitors on prostate cancer cell lines [34] . Incidence of colorectal cancer was consistently reduced relative to that in the general population, providing some evidence against an obvious infectious cause.
This study had several strengths, including the use of national, population-based registries of both people with HIV and cancer and the long period of follow-up, an average of 8 years per person. Most prior registry-based studies did not involve nationwide data, and follow-up was commonly truncated after 2-5 years. As comparison of SIRs over time may be confounded by cohort ageing, interpretation of trends in cancer risk before and after HAART was verified through the use of age-adjusted, within-cohort analyses.
Some limitations include the size of the cohort, and therefore, limited statistical power with which to detect significant associations for rare cancers. Cancer ascertainment will have been affected by the accuracy of the data linkage algorithm, though it was based on a previously validated algorithm with 99% sensitivity and 100% specificity in identifying cases of AIDS-related NHL on the New South Wales cancer registry [35] . Bias may have been introduced through heightened medical surveillance for cancer, though the absence of increased risk for screen-detected cancer argues against substantial surveillance bias. The method of adjustment for survival after cancer diagnosis was approximate and could have resulted in either underestimation or overestimation of the expected numbers of cancers. Patient-level data on HAARTuse were not available, and, therefore, estimation of the effect of HAART was based on calendar-periods.
In an era of improving efficacy and wider availability of HAART, the pattern of cancer occurrence in people with HIV continues to change. For Kaposi sarcoma and NHL, continuing declines in incidence are being observed, though it remains very markedly increased relative to the general population. For Hodgkin lymphoma, this article provides evidence of a possible decline in incidence. Anal cancer has increased in prominence, being the third most common type of cancer in our cohort. Reasons for the declining incidence of prostate cancer, and continually low incidence of colorectal cancer, are largely unclear. The variation in cancer trends likely reflects the different role of immune function and infection in the pathogenesis of individual cancers. Large-scale cohort studies with patient-level data on current CD4 þ T-cell count and HAART use have the potential to greatly inform the management of long-term cancer risk in this population.
